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\ ABSTRACT: 

Tb e^Ol^ji g .andxalculation^ minimiQoia 
^by transniittiR^^liiBi^^^^^. The equaliser with return of decisions comprises a direct filter 
(FF, 1 1) and a recursive filter (FB, 12) whose filtering coefficients are determined (13) in such a 
way as to optimise a predetermined quality factor. The equaliser receives the input data (x), 
supplying the direct filter (FF) and providing the equalised data (y*) corresponding to the sum of 
the outputs of the direct filter (FF) and the recursive filter (FB). The recursive filter (FB) is supplied 
by the weighted data (y-recursif), whose value takes account of the equalised data (y) and 
corresponding reliability information. 
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immm 11 y^ j\^i^m. < 1 3 ) im&<Dmm 

iWmit-ttJ:oiz^^tif^yir'7~Vy (F 
F) ( 11 ) &l^7-<-KA.y^7^;l':J' (FB) (1 
2 ) t i:mx. . mi£y * V- K 7v iV9 ( F F ) tflt»& 
$<lSA*T-^' (x) S:S<iU |i[fB7*V-F7-< 

/p^' (FF) oai:fttHfne7^-bv\'.y^7-<;p^ (f 
B) <r)^-)]h<mwi^^\znmhm^T-9 (y) ^ 

lit^«2 1 frEfi)r^coa»fiiOJgig^b ( 1 3 ) (c 

(2 1) tj;i>tem, mimm.>m 

2rfJfflt-&¥S ( 2 2 ) t J: |,IS^^:;^*\ B?ie7 < 
-Y><^y9yA)V9 (FB) fcA:>j§fi*^:fcS:^©fc 

COSES (d) tc{S#UTIr^&;i:S-!|^i:'r6lil^«l 
5 ] luaj©at ( d ) (4. it-^r < i: ?<^^ 

mE7'f-HA«/^'7-fyP^ (FB) fc:A*?ti&ffS 

mcommmmt^, 

IM^fllO] dx*. dy-. dx-. dy*S-. liriB 



mammmma. 

C,=Mi n (dx*. dy. dx", dy*) /A 

izmi\'^ztiimt-timm4tzmif09i^ism 

[1*^:^11] y' SrHulEftftS^y^/K ySrffieil 
iulB7'f-Hv\'.y^'7^yl'^' (FB) 

Yfeedback = g (Cy) • y' + ( 1-g' (Cy)) 

- y 

im^i 2] fiei^g&tjfg' miycfyM^Kb 
<>-oj4. fi^|giT'S,l.::i:i&#ai:^^fl«3Bi i 

mi 2izm^ff)mmmmt^. 

^r<fci>-— 5J4. s^mmLThizbimsLbthm 
^12 izsSM<^m.mmn^. 

mLXhhzb^w&b'i'tmmi 3Xtti4t^ 
( 1 6 ] mi^ttnm$<r>wmmzii \^x. y ; 

^=f (Cy) • (y* -y) 

mzsmD^^j^m^^. 

z b ^^mkbttmrn 1 e tce^iogti^s^fcs. 

^^mxL. m>^wm.<m^t:W&^'±hm.x'hh 
z b ^mLb-^mikm. 1 6 tE«<7)«t^s^b^. 

^r<i:t-o{4. s^mmrchhzbii^b-rhm 

[it*«2 0 3 itfflStlSBuiB2oi?)IB||(4. ^-n-f 
2o<oia3c«ifc:?»o-c-eti.-fii£»$*i;t2om 
1 ■ri.itaaB4;;!>Ml 90M*TJ&»1 

[ffl«:®2 1] dx', dy-. dx", dy*5^. |Jfie 

m^t'f-^b. ^<r>nmv'f—^ifimim:i^y^^)v\iz 
mm\'r(>tihmiiw^-ti,m^b<rmff>:xmb y«i 
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CI,=ini n (dx*. d x" ) / A 
CQ,=min(dy*, dy-)/A 

*cJ:oT-^i^>tLS2o<^jSij- ( I , Q) ^z^^'^^tLh 

z t imitthmm2 o izssmcommmmm, 

<^2-5<7)j£^, y I&t^yQ*BlifBIHkT-^'<^)2oo 
Si , §2 , g3 « g4 SrB>r^<7)WS:i:-ttL{f, 
ffE7-f-K>'^'7:5'7-^;^^' (FB) I^XfJ^tihmsi 

Yfeedbackl=gl (CI,) y I' + (l-gj (C 

I,) ) y I . 

Yfeedb»ckQ=g3 (CQ,) yQ' + (l-g4 (C 
ly) ) yQ, 

imm3] mm^com^si . g^ . g3 , g 

[iii*:B24i Hfiemswrestgi . g2 . gs . g 

m^m2 2izimcr)m&mm\:^, 

[ffl^a2 5i BuB5f£<7)raagi . g2 . g3 . g 

[11*^2 6] !E0r«iOl8Sgi Xt^gj , m/X 

msm2 3jbm2 5«wti*>i«fciEaco^{^ffi«^b 

^I=fi (CI, ) • (y r -yl) .RX/ 
m:Q=fz (Cy) • (yQ' -yQ) , 

imyHt^tLt ^ i: irmmt -r^msm 2 27^m 2 & o 

im^ma] mmm<om.fi Riff 2 o^^^:< 
fc*,-o«. fi^i^-&s^i:^!mafc-r4ii««2 



m-i>m:i^y^^)i'b<mff)'sm (d) ^#suTi!ia 

fiiSS1fflfi5:tm-ri.lll <^*gt . 

- dx\ dy-, dx-. dy* i:\m^^T— 9 

^t-S«l^lrB^fS^-Sfi:«ora<7)x«i: y Wtc?a->y::4 
oc^ffiJitL, AS-. wl^^t^mii^yif^)Vhffi 

Cy = M i n (dx\ dy, dx", dy*) /A 
(cj: '^fLl.1wlBfimSfflffiS:traci-|.m2<7)^ 

i,zXr>xm&^tihayx'ri^^ >^ay<ofmi>z&Mt 
*«4 3 2 (Tintit- 1 JlfcESiwgi^ij^fl:^, 
^ii. Wi::iyX7-U^i^Byff>&i>1SS&Lt:jB±iztS^ 

^iisci t i&#at-rsit^3 3t=aa«;9{^«B^ 

mi^yxy-u^ i^'ayp^izmtthr-i^tzm- 
3 4 fciB«cO^^Sjl#fl:S. 
(FF) (11) ta-r:^-r-yrt. 
y"/rt. 

- mi.y*-v-}^yA)Vif{FF)n\iiiitmiy 
-f - KyN'.y ^ 7 -f 71-^ ( F B ) oai:^i t c7)aD»lsm ( 1 

5) ^znmhm^r—9 (y* ) ^aj:^3-ri.x7^>yr 

- Wl.yir-v-Yy^)V9{FF)m/mi.y^~ 

- mmitT-mu<r)iti^tii.zm^'^xt:>fvttm 
m&iim'mi:^ (21) -rsxr yrt . 

- HuiE^^kT-^' (y- ) m^mmm.'mi:^& 

LT. B(ne7-f-H>'\'.y^'7-f;P:? (FB) '\m^i^% 
^-9 (Yf„,back) 5ra!:t(t-S;?.r-yri:. ^^TtS 

[00013 
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[0002] 

^m^tifzmmmmn ( rf > ^..y h\ r-^o7' ■ 

(eye diagram) j i&#BgLT rsf-ry • r>f-tS (o 

pen the eye) j ^tT'J)l>. 

[0004] mtm. 3-:>mm. -r^^hh. 

• JSt'S^^ (quarity criterion) , 

[00051 Z<^T)i'^VXJ»\i. 7 -f /PrJ' U >'^*g 

W^iPT^ ■ T^N°— ^-A- (eye aperture) ^(^ii^tl 

[00061 mit^ffi^iizmtx. mwmT<r>i: 
r,xm.m^ixh')yr\^yx (#Hg) ij^h^^tih 

•J7rwyx (0yi.{f. rfl^^j ("decisio 
n directed"operation) tfcV^T'J7rl^>'Xt LTfiE 
ffl3tlSffi^<bm<0¥!l^«| (decisions) ) ^mtL 

[ 0 0 0 7 ] i fc. TIS<^<J: a^:3o<7)±;5:^ts«jg 
>^IB^ (FPR) 7^;l^^ 

- r7:^_v_Hj FPRy ^}Vifb'mt^<r>^^iiz 
»f9)iL«g^ (loop back) $ii;t7'f-HAy^'FP 

Ry<)v^h ^m[thmmisif^)vxm iw^ i p 

R) 7-fyl^:J' 

't'-Yf^v'^y^f\,fliZXi}^tlX\i^h) Sr#^S^f 
liJ^ISv-?;l,;^i5S (^f«ljgl PR) 7 ^tVi^ 



[ 0 0 0 8 ] J: 0 jEffiwi. ^mm. 

mm ( X»4«ll^jB»^bS ) ( D F E : Decision 
Feedback Equalizer) tPftfilTV^&iCO^CO^^ 

rff)mm^zwmLx\^h. ms«oi)m42oiog 

I©, -r^i?^. ®*!Jc01|aOS:g^ (conversence phase)" 
(y7rU>x«jSlffl§<irt>$<i^:<TiJ:(,^) tiJc 

iOjiJSaiK (trackingphase) tliZ^ti^iXh, 

[0009] -j^mmi. mwtm^tmms^znLxm 
m^ttxiiw m<o mz.\£. *jyruyx?:mmt 
i) wisi>mLmtznixmT^?>. 
[0010] m^^j:mmomt^m/^ti(>(r>mmmiz 

jbj (Ann. 7"U3A||5 3^mi-2-t. 1998 

[0011] J:oite5:Ciffi^;$ii-cv^& J; o 

(MLSE (oBxiiiun probability equalize 

r) ) &hmmmx'$>h. L*»L^*Jf>, ^tm^^ 

^0«lt^*i-SS!iSfc:itLT{i.) , im^hZbi)^ 
[0012] 

[3«HB*^»^ti3t-ri.iK@] L*>L=5rA^^>, DFE 

i^^^izmmifii^^ix^Zb. m/iz. iftllfii!^jl 
it^Ztii^co^MizX-yX^^til b^itzy^ Jl^^mL^ 
HM-thfzi^lzmR^ti^ 7>Vd V XA*«SgSrt'5 b 
lSH<o-gSt^r->t"v%S. 3!<i,fc:. DFECDfliJtt 

fcft & 'tti^tL<7)^(mm}^smm^^mi!iri> z b 
ii^mizmt\f\ ztiiix<m^tix\,''^±wj:fmT 
hhifi. Li}'Lmmzmi^tix\.^^£\^, 
[00 13] DFEji. ^'imx/=mimL\^b\^o 
ox^'cofzifyiz. mmif)t*)mm^tix^^^j:K\ 

i><ox'S>t, 

[0014] L*»L=^*^^>, $)!. 10£7)KIS7&\ i^'x 

y^^hRb^-. Vyf-ftti-jT. rjtie^j^ 
M^fbS: M^-->'^^^«l»T#Ml^*»?j (il 
Stgtf-S lEEEh^yif^J/gy. Ig4 6iig|g7 
199 8^7^f|fi=) bm^tlfzWi:X<7)'\>Xi^^ 

miZXr.XmL^tlhb^liZfzif. DFE^to>'i|fT$ 

til.. ^^1*4. ^itw^rffifgeat. m&(r>^{Z(7) 
m:Sc<7)f^X'ii. RMS) (^imbLxco-^mrju^ox 
Aimb-ri>, ^(otub^ zff)mt:m.-t?>izii^ 
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a. -9-- fxcmizifz^sK ^mA(r)mm^±^ v ^^t- 
j>5. ^(^timz. ^xco-^r-i^'xizMi-^imMi^m 

[0016] *fgBB«o-o<7)aw{±. m&<Dmff)m^ 

^^t:^-thZbizhi>. ^liz. ^^mTrnffy- 
-ocoBffHi. y^<hS:f?yWzXr>xmzm&^ 

Mimmstmtx. mm-thztmtow^ 

td-ooaistt. -^<7m.duzt5\,^xmef>mtfjmiz 
mmti>im^^j:\>ymm^i:mm-tzkizt>i>. 

[00 17] 

T\,zio\>^xmhti^b^£tX'hho^<^m(r>umi. yA 
hyic^-Yy A)i"!' (FF) atX7-^-HA.y^'7-f 

)V9 (FB) b^mthidi^Mm^iizx^mL^ix 

7-f;P:? (FF) ^zm^^ixhXhi'-^i^m.. m 
IB7 icv-Yy A)v^ {¥F) mfmi.y < - ^v^'>y 
y^jui^ (FB) <7)tii:hcolsaMmmzMmtmtT~ 

[0018] :^^miZitHi^ m^n^f-i^ (weight 
ed data) tt^mBy -f - V^<y 9y4)V^ ( F B ) 

^tr^^L. iP^mm. (confidence) mHzfBtt:i> 

oyxhh. 

[0 019] m.'^x. y i-Yt^^-z'py A)V9\izx)]^ 

iz. ^tOT-rJ'^BW. ^T-rJ'^BCSOOST^.ii 
[0020] ^Ixmz. *5«BBJi. ^eJ»$:?»*W(C 

[0021] *||BB{i. ^b3i»SliglcJtLTffifflT?' 

im.mmzi>mx'^^. 
[0022] tmmm^m^<Dm^^i,mmmm 

imt^tiibcoTfi^^v xj^^mmtitzibiz^m^ti 



# . mMmmMt:m'j'-^ ^tixd m-^^ ^t^tii , 

[0023] *f|HB<0»i H-^Hmiit iilff . gi^ 

si^Jiia^k^i. mmHtr-^izmti^mmmi 

B) tA:tt$iisii?iefi!ffigfi«$rfijffl-rs^a^fiii. 

[00241 7 ^ ju^gmsmmm 

mmm<r)mm<7)rzMzm^tixii\.\ 
[0025] ^^izx?>mi^mmit^m i mm 

[0026] mz. mmmii'>^j:< ti>l ocoSffli: 
JtSS^it. ^ffmm (thresholding) (^^tZJtitX 

ii:<biy-":><ommiim*)mLx9m^^tLX^\,\ m 
(>i)Hz. ^tniJ-'-^c^mzmtxm^iim&i3^ 
mx'h?>. 

[0027] ^^mzj:im^mmimcr>t>h-'-^(D 
^^<mlimm'^i. m-'(^mmi>mm^tL. miy ^ 

-Yf'iy^yAfV^ (FB) fc:A:>j$ti.SBuM*## 
X'f>h. 

[0028] zcom^^ mimmmm&itizti\,^ 
X. mmi. 

- rnm^m^msmmar^s^ii. msmii^y^^ji' 

[0029] i Sg^S^ScO 1 -?cOWfiJ 

^:^tBB.®tcJ:*itf. mieiESI«Slii(cjjia$^i.s2o 

[0030] *^BS(C J: S^^S^^SIW® 2«*5fiJ 

Cy=Mi n (dx*, dy, dx", dy*) /A 
fc^U\ ClCl-C. dx*, dy-, dx-. dyti. if 
fS^T-rJ'i:. ^coff^UTT-i^immit^^yyi'^Jl 

izmmnifi^tiimmt:m^im'^t</)m<7)xmt y 
«tcj»':.fc4o<^)fEfit. Att. msm'^bmm^i^y 
^^jubcrmcomtt'h^. 

[00 3 1 ] (afoT, imy^-Y^^y^y^/V^ (F 
B) fcA:'3$ill.mEa^##T-:J'j4. 
Yf„dback = Cy • y' + (1-C,) • y 

x'hhzbmtu\ zzT. y' iitmm:^y^^ 
[ 0 0 3 2 1 $ /i,{c. wimymm<^m.itizt5\^x . 

^=f (C,) • (y-y- ) , 
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[00 3 31 dOrro-f-Ji, gfcg' tS:Elr^<OK 

Yfeedback = g ( C, ) • y' + ( 1-g' ( C, ) ) • 

y 

[ 0 0 3 4 J »^ L < mm^<^miiBRX/s ' (0 

m&com^sRx/ g' coo *>coij'-^< t t-oti, 

MTO (sigmoid function) f m§£Bi^(OmWLg 

[0035] mtxdiz. mMcoMna. 

^=f (C,) ■ (y-y' ) 

[0036] *l|HJfc i & hoi ^(OTTxi-i-Tii. 
2-)iOB3ctt{C?&->T^g§^i& 2O<7)«i^<0d t><?>- 

[0037] l}9fBil!fflKi»««. 
CI,=mi n (dx*. dx ) /A 
CQj,=mi n (dy\ dy ) /A 
tcJ;oT'5-fi-P<i-§-;e.^>ixa2-:><0«^ ( i. Q) (,z^ 
(t^itS. dx*. dy-. dx-. dyM4. m 

iz}mmf^titmmim^-ttm^t(mcoxmt y 
m^zm^tzArxomm. ah. msm^tmsmi'^y 

[0 0 38] 15127 -f-KAy^' 7 ^/Pr? (FB) tCA 

YfeedbackI=CI, (y I' ) + (1-CI,) (y 
I) 

Y,eedb.ckQ=CQ, (yQ' ) + (1-CQ^) (y 

Q) 

X'^X. i^tl^ 2'0cr>l&^l,z^l,'r(>ti^ Z timt t \.\ 
ZZT. y I ' Rt/yQ' {±, m^M:Z>'y^^fUC02':> 
yiatXyQtt, «nB^T-:J'<7)2^cojSiJ- 

[0039] ZCO^. BUiBp°qfi^2:S3i^k-r& Z k 

2o<r)XP;<yh. -t^hh. 
^J|I=CI, (y r -y I) 
^Q = CQ, (yQ' -yQ) 
i:M'NtthZtizX'01ni>tLi>. ^j:i5. ft RX/fi 

[0040]±t|S|tJ:3{c. Ztlt><r)WG!Hi^s, 

g' Rx/f, f bnt^AroimLgi ~g4 Rxm 
»f , , f 2 ^mmLx-m.^ixi>. -t^h*,. 

Yfeedback I=gl (CI,) (y I' ) + (1-g 

2 (CI,) ) (y I) 



Yfe.db.ckQ=g3 (CQ,) (yQ' ) + (l-g 

4 (CQ,) ) (yQ) 

Rt/. 

^I = f, (CI,) • (yl' -yl) 
^Q=f2(CQ,) • (yQ' -yQ) 
X't>h. 

[0041] m^Mz. ^mzx^m^mmt^ 
±SiTTu-i-im^^ti/::mTmmizmRT^ 

[00421 •¥m,z)s.h^Si^'mm(mt. lv^h 

r)TB^$<T/v:3y;^xU^i^3y (constellation ) 

[0043] wmr>^)x9\im> 
< Wx. ^>ix)t ^ * T'S» s vl t *<i.ai $ , 
[0044] m^nyy^T-VM^BVam-Wiir 
-nt. Z<ri:3y7.^v^i^^y(r)m^jm-fhmL\,z 

[0045] ss^, m.Ti-n^n'-m. mm-^yx^ 
u^i^a yi^^&m-tr~:!fi,zm-hi]mbm t:m 

[0046] ^wna. ±M<7)m^immtmzX':>x 

- X^'r—^^Vit^—Yy^jVif (FF) lizmtx 

- K))f~9iy ^-Yf'^'v^y 4)V9 (FB) ta 

- ir-'7-Yy ^ti'^ (FF) Rifmiy 4 ~ 

H^N'-7 7 ( F B ) <r>}Ai-n<^tm^^i,znmth 

- miy*~v-Yy^iv^{FF)Rxfimy'(~ 

hVN' y 7 ( F B ) <07 ^ /P^'^^Sfe^l.X 

■ThXT-yy-t. ^^ti^tvULX^^^, 

[0047] ^micom(r)wm.m]Ai±. M^-comm 
^ix'hbd. 

[0048] 

X. 9i^mmmo^^mm-ti, zcomm^(oi> 

c7)itmd}^i^mz^t,tlXtS<0. ±MHZt3\>^XSiizW<. 

^.ixyt. zffy^t^ismmimi. m^^^ji^tzx-yx 
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m^mnmi. mi<r)yzr-^~vy^)V^ (F 

F) lit, y <-Y^<'';^7 ^)V^ (FB) I2b^ 

[0 04 91 gfii^y4f;KXfiT-:?) xtt7:ry- 

Yy^lV-? 1 ItAiJ^ii. W^i^>^^)V (estimated 
syrtwl) y' «7 -f-H^ y 1 2tA:fj§iX 

h.W^i^yif^)Vy' {i. 20<^7-f;P:J'll. 12<?5 
aS:')5:ailStSl 5tTJlI»L/v:»l 5iWSrrt^t\,z 
J:-5-C. (most probable symbol) 

•t5it^t5^A-;P (estimating module) 1 4fCaj 

[ 0 0 5 0 ] . 7 )Vifmm%=ti?:'.->V 1 3 

ti. yfcy' fc<7)HcOMlc:#Li^iSMe$r#mLT. ft 
/h2S¥^ (LMS-DD (lowest mean square) ) ^ 

[00511 02 i^Lx^mifizx hm^i:wm 

m {$>hmsmmx'im^^h$tihm-^i)^$>h) 
<7mws^2 It.- zff)wm<mnm^2 2 . x 

[00 521#{c, filffiglfflHi. y-f-HA.y^'^-f 

;i-^'(FB) i2izx:h^iim(Yt^,,i^^i,) 

^^thtcib. m/Xiiy H ;u^^gt<ofM[ ( i 3 ) t 

m^tL&wMe(r)mim^^it?>fzMz^^iii,, 

^mmm-t^zti^x'^ -i.jijEttYfeedbaci>fca§ 

[00531 aTcomx'ii. y < )v^^i)(r)mi&m 
%'fhfdh\;zm?ix% h 2->aymiifim^ixh . 

^^yi^y^n^^^mi. LMS-DDT/Ud'yXAti 

-ixmm^ii?), 

[00 541 03 {^^$^l3t||l<0KtS«. 
J:-:)Tl9gKfl^$iTJtT-^'y3 1i:. fttiSv^fJS 
ffi3 2. «i#tnjfft*j/y.1f;k (ft:*;*S$^y;J<;W) 

(-eitfet. 5ti^W{:, m:CODFEcr,m^izMt£ti?> 

[00551 nn\z. ^mmw. zv^m^ mmt 
tiM. w^A) mmmizms^^ith. -eoaiijtn, 
- mmm-'jtxhht£h. ^mttwimmti^mk 

d.i„ J:0:*:^v^^^>{f .y ^-Yf<^yyy ov^ 
(FB) 1 2A.A:»j$iiST-:J'^BYf„dback « 



<07-f;l/:J'oai:>Jyfc:^Li-\ fcv^pfeOT*^. 
[00 561 @3tfcH^T^tc*>*»|.J:5t. 

.i„ i:if{f<t5ft/hffi«ggiii^^^i-i, (Aa. 

[00571 VS&t^tSi'^IXtttSit^. ^^Vif^iVffi^WiZ^ 

lii^itZtHitf—f'yi}^Z(DlE:f}m3 3conmz$)h^ 
y-t-YJ^yify^)]^^ (FB) i2tA^)$iiS 

Yfeedbach=¥'J^ffl (decision) 

^feedback y 

xht, m^tftz. m<omiijmt!sm(otiibizmmT 

[00581 y^JUi^mLiEm-thfz»XOT)l'::fOX 

d<d.i„ x'hhm^izii^ ^=Yf„jfc.,K- 

^=0 

xht, 

[00591 Z<7)mtlls<mmii . 3 yXy'U-X 3 
y (constellation) im<7)Ti(^ yY^:m^•ot::}^mX' 
'mt?>Zb^Zi^XttS^S:^i^t (*tSyti>m-kiUfi 

^^tiii^^i^. z(oztii^x(miimmizi5\,^x^ 
mzhh^j:i^. d,i„ ?:mx.hmm^zh'yx^>^<7)v 
-i^ay<^m.iz^^ixi,, 

[0 06 01 iOiEffiWi. MAQ6 4i^m(0-mt 

mii7 dX'$>^zkifi^i^ixx\''^h (2s\t2'offyam 
Lfzni^ yhcom<r)mmrh^) , ±isrrn-^tj; 
n«f. ^$iuti>-y7";K0SBSIi*^7 5 + d.i„ S-Si. 

w) fc?&oT7 5<osgsitai#^$fxi.. simttLtf, 

Dx>7^ + d.i„ T'S)ixtf, Dx = 7S 
Dy>7 5 + d.i„ 'r'$>ixtf. Dy = 7 5 

^(Om. Yfeedb.ckt^e«^iJ 

&LXi>J:\>\ RmTfl^^VXM,{:miX. d.i„ ff) 

[00611 m4l,z^^tlfzm2ff)m^m^x^i. ij^co 

Cy = Min (dx\ dy, dx", dy*)/A 
X^iLi^il&. 

[00621 z(Dm2<7>:mtzx &mm. 
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~ ^feedback — Cy • yesti»ated+ ( 1" Cy) • y 
— ^ll=Cy • (yesti.ated~y ) 

[0063] Yf eedb.ck«0|f-m<03t46«S:^(4. JartO 

Yfeedback = gl ( Cy ) • yesti«ated+ i 1 ~ Sz (C 

y) ) • y 

-:i.-nyi^XTJ^X'im^ti?>mLcr)Xo^j:S^mm 
IR-Civ^ rastsi RX/sz iii>*>^/.m^zmL<X 
J:<. t^i?^>g, =st =g*«rttiLTJ:v\ gtm 

wmThtb^. mnms^imx/m^ytih^itizm 
too64] mtxoiz. w^(^sma. 

^=f (Cy) • (yesti.ated-y ) 

s. 

[ 0 0 6 5 ] 3 y:^f-\y~i^ g yco^'hSBteS^I. 
VMi. UTcO^ (MAQ64<0«^) 

*>. Dx>7S^i^li. Dx = 75-CftO. Dy>75 

^^>tf. Dy=7$x'hh. ^m.. mzm:^ixti.m 

mi:m?rth:itifiX'^h. 
[00661 i!B/i>*>fc:. mnmmiki:^x.hZbm: 

^■^h^i -simTh->x. \-^<-yi}^mmznmfh\>^ 

if)^Z bti^X'^ h . fzfzLiix^ti<n'mmzMLX^ti 

Jill 2 «7)aBfl*qgffl$iiS c: t t>^tgT*S . 
[00 6 7] 05 (A) mm5 (B) {i, *||BBtJ: 

(INSAliiX. 1 9 97^1 IflfStr) *>^> 

(stationary channel) (05 (A) at/H5 (B) # 

eA^m&mim&^tix\^h. 

[0068] wm<r>^^y^)V (05 ( A ) #$!§) 

3 OWm ( 3 OT s ) izaux 1 0 d BCOJia-iisti 

wj'iz'^^tu-zi-^:^Mznmth. m2<r>i-\:^}\^ 
(05 (B) #Hg) iirF<D^vuxitimzX'^xMm 
^ixmnizm<n,^tifti-r:^f\^x\ ^ttiAizmitt 
hzti}m^izmmx'hi>. 



[0069] WVl-Ximii. 
H=(0. 8264:-0. 1653:0. 8512: 
0. 1636:0. 81) 

[00 7 0 ] Zti^er>2-:><M-Y^)l^\izmtXmtii. 
J1-S9.51I4. m^DFEffi'y-X5 2ff)m^l,ZtS\,^X 

^&tmm^-tii::if)i,z. mmi}mmm§i,zh 

&Stc. ^icMK^iii::. m?n^tif::^X<7)mtn 
{±. LMS-DDtcJ;ot:»3S^;$^i. ^^i^—^yx 

(learning sequence) ^fiEfl|LTI|KgS[$iX^:. 

[ 0 0 7 1 ] 5t$futlSI|<4, S®^DFE5 3 (fS 
i^iUtDFE (supervised DFE) ) S:ffi-oT#^iTJt. 
^rfe. DFE5 3«. '5-<0)Sa}T-i'3!>»7-<-hVN'^^ 

til f^m<r)^ mitm-h*). m^. J^co^tstit 
m^tih^^smmi^i:mz.f:iDFEX'f>i>i>ff)b lx 

[0072] Zixi^2-^<m\i. n^^^ (9VSl) 5 1 
1 S t § . ta!*«D F E 5 2 -CJi^fStCiattmil 

{©5 4 ( WD F EX{4a;^iWt§tUtD F E ) \m)j<r> 
^\.z<S:^LtLttX'hh. Z<r)^^ «^<4d.i, = 

0. 6m->±sis^i<rmmmmith, 
[00731 05 (c) 14. m2<nmiis!mimm^K 

fth^(m5 (B) tlSItljegiSr^LTV^S. m=(^D 
FE5 2i:{4S^rot:. m,5 A<mmi-m*j:\>^Zb 

[0074] 05 (D) 

- 16dB{C#Ll^y-fX55 (loooomcoRa 

<.znmhmmf,zmh) b. 

- xn- 5 6 (20000 HJcORffifcifiE^SISSt 
feftS) t, 5:^tt§'4tSJtJt. MAQl 6^J-*!l 
mth--mi^LX\^h. 

[00751 c:^^/^>o2oo;*cl^^^'^a^c^>*>*>i?^> 

[0076] mxmifi mUi Vyrvyx- i^-^r 
yxSrfflv^T) H^TSfiJtiOT. ±<7)4oiO||ife09{4i& 
l»g»gfc3ifflTsrtgTfcS. U>t^r*«<i>, 05 (E) 

^^^tvf-zmmmx'\i. i^^\,zxixm^^^m^m^ 

'^X^^hZbi^XMhZbifiX'^h. Z(r>)^t.z\t. 
3 0d^a)J^X1fiH-tt>iX. MAQ16^iS*ifieffl§ 

ixh, mjkxfmmmim2ff)mi!mm:m'>xmi 
[0077] ^t>^zii'ybl^^^^weLt:^■z.hzb1fiX' 

Ttjtdt-ea-fticomtjjjoTSiiifctm^ni.. z(r> 

[0078] s>h--^(7) (^ti-^tiffMizmmti, ) c: 
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[ 0 0 7 9 ] c: d Lr . m4i,z7^^tifzim(^)-^mm 

- illIt?{i-p-C:CI,{ia(good) . 

- WQfcrSoT : CQ, = 0. 

X'hi. 

[ 0 0 8 0 1 -ec: aT0)2':><m±^^:mm.m 

C I,=ini n (dx*. dx-) /A 
CQj,=m i n (dy*, dy) /A 

[00811 Ztit^(O2':>(0im^<mimm<7)1f&t 

Y,e.^b.ckI=CI, (yl' ) + (l-CI,) (y 
I) 

Yf„db.ckQ=CQ, (yQ' ) + (l-CQ,) (y 
Q) 

^I=CI, (yl' -yl) 
^Q = CQ, (yQ' -yQ) 

it(gi . g2 . Sa . g*. fi Riff I ) ti, fcS 

[0083] H&^^ixm^\mT<r>x 0 lizma^K 

Yfeedbackl=gl (CI,) (yl' ) + (1-g 

2 (CI,) ) (y I) 

Yf.edbackQ=g3 (CQ,) (yQ' ) + (l-g 
♦ (CQ,) ) (yQ) 

ZZX\ y I ' RX/yQ' ti. n5rffiifcfcv>'.-K;P<02o 
[0 084] y I&lfyQtt. l5a^T-^<02-5<0 



^I=f, (CI,) ■ (yr -yl) 
^Q=f2 (CQ,) - (yQ- -yQ) 

[0085] mmiz. m^tifzp^ i f^fcK tx . 

Jmt^^tl^tLC^iZi&'jXiz^ $ d.i„ (^jEJrjgrttc 
[0086] *BB«II»&l«{ciea$ii>::!^^co^ 

\i^< . h < txiiWmmtfiiotzih^m^^wmt l 
XW^^1Xil^><7)Xhl. m.-yx. ^^(Tymrn^^cr) 
spfflSriSM-r s zb^j:<^ m^^j:^tmE.mmxh 

(WiOlS«'SrgiHB] 

[01 ] DFEmm {^(^^mm) <Mmr>wm 
mxhh. 

[02 1 *l|i!Bfc:J: 4 D F E^SS'^HTfcS . 
[H3 ] *^BU<0^ 1 iO||M.^t^^ia2 F 

itmzmhmm}[%ffiMM&mmti>tL»xmxh 
[04] :^%mr)^2(nmmm\,z^tm2(r>T>FEm 

5. 

[051 (A) 36><i, (E) {l-ea-rilfiaKODFE^ 

^h\m.Lii.b^(/)^m^\,ziihmmmmt^7FiL 
fzmx'hh. 

[06] 2o<^)m&«a±t«ffls<t5a4o-^w 

[^^^wif^Hji] 

11 7:r'7-H>'.f;l^:J' (FF) 

12 (FB) 

13 y ^)v^mmn^-J:>.-ii' 

14 jftSti/jL-/!^ 

15 tm^ 

21 «iSStfa[tv:>L-;|. 

2 2 ftfflgfiJffl«iati^'A-;P 
31 

3 2 g^i^V.-K/l^ 
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- mUzmr>X : C (good), 

- ttQtCJ»-pT : CQ, = 0. 
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1> Titlft of invwitiQB 

HEIGBTBD DECXSlOISf FBBDBACSC EQdilLIZER, AMD CORRESPONDING 
BOOALIBATIOII PROOBSS 

?■ Rlnlm 

1. Decision feedbacX: equalizer conprlsing i& forward 
filter (PP) (11) and a feedback filter (PB) (12) in 
which the filter coefficients (13) are determined 60 as 
to optimizeya|pj^dj3j^ fe^xTOi1^ 

5 the said equalizer receiving input data (x) applied to 
the said forward filter (FF) , and outputting equalized 
data (y*) corresponding to the sum of the outputs from 
the said forward filter (FF) and the said feedback 
filter (PB)i 

10 characterized in that the weighted data <yfoedb«(ik) fed 
into the said feedback filter (FB) , the value of these 
data taking account of the said equalized data (y) and 
corresponding confidence information. 

2. Decision feedback equalizer according to claim 
15 It characterized in that optimization (13) of the said 

quality criterion also takes account of the said 
confidence information. 

3. Decision feedback equalizer according to either 
of claims 1 or 2, characterized in that the means (21) 

20 of calculating the said confidence information' in the 
said equalized data, and the means (22) of using the 
said confidence information, are both input into the 
said feedback filter (PB) . 

4. Decision feedback equalizer according to any one 
25 o£ claims 1 to 3, characterized in that the said 

confidence information takes account of at least a 
distance (d) between the said equalized data and the 
most probable symbol corresponding to the said data* 

5. Decision feedback equalizer according to claim 
30 4r oharacterized in that the said distance (d) is 

compared with at least one threshold (dgiin) « processing 

of the said data depending on the result of 
thresholding. 
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6. DQclolon feedback equali2er accsordlng to claim 
5i characterized in tbat the said at least one threshold 
ia optinlzed iteratively. 

7. Decision feedbacX egualizer according to either 
oC claims 5 or 6. characterized in that it uses a single 
threshold, and the said weighted data input into the 
feedback filter (PB) is: 

" the said most probable symbol, if the said 
distance is less than the shlA threshold; 

- the said equalized data, if the said distance is 
greater than the said, threshold. 

8. Decision feedback equalizer according to claims 
2 and 7, characterized in that optimization of a quality 
criterion consists of minimizing an error equal to: 

- the said moat probable symbol minus the said 
equalized data, if thQ said distance is less than 
the said threshold; 

- zero, if the said distance is greater than the 
said threshold. 

9. Decision feedback equalizer according to claims 
2 and 8, characterised in that the said distance is 
broken down into two convxments treated independently. 

10. Decision feedback equalizer according to claim 
4« characterized in that the said confidence information 
is equal to: 

where: dx*, dy', dx" and dy* are four distances along 
the X and y axes between the said equalized data 
and the boundary defining the area within which 
a data item is associated with the said most 
probable symbol; 

A is the distance between the -said boundary and 
the said most probable syinbol. 
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11. Decision £eadbac1c equalizer acc rding to claim 

10, characterized in that the said weighted data input 
into the aaid feedback filter (FB) is: 

- Vc8«ih«* - g(cv) -y* + (i-o' (^^^^^ 

5 where y' is the said most probable syndbol; 
y is the said equalized data; 
g and g' are predetermined functions* 

12. Decision feedback equalizer according to claim 

11, characterized in that at least one of the said 
10 functions g and g' is the identity function. 

13. Decision feedback equalizer accordihg to claim 

12, characterized in that at least one of the said 
predetermined functions g and g' is a function that 
reinforces the effect of high cionfidenceB and reduces 

IS the effect of low confidences. 

14* Decision feedback equalizer according to claim 
13 « characterized in that at least one of the said 
predetermined functions g and g' is a sigmoid function. 

15. Decision feedback equalizer according to any 
20 one of claims 13 and 14, characterized in that the said 

functions g and g' are the same function. 

16. Decision feedback equalizer according to any one 
of claims 13 to 15, characterized in that optimization 
of a quality criterion consists of minimizing: 

25 error = f (Cy) . ly'- y) 

where y' is the said most probable symbol; 
y is the said equalized data; 
f is a predetermined function* 
17. Decision feedback equalizer according to claim 
30 16, characterized in that* the said predetermined 
function f is the identity function. 

16. Decision feedback equalizer according to claim 
16, characterized in that the said predetermined 
function f is a function, which reinforces the effect of 



(?L6))00-295145 (P20 0 0-29JL8 



high confidences, and reduces the effect of low 
confidences, 

19.0eclBlon feedback equalizer according to claim 
18, characterized -In that at least one of the said 
5 predetermined functions g and g' Is a sigmoid function. 

20. Decision feedback equaliser according to any one 
of claims 4 to 19, making use of tw distances each 
corresponding to tm coxnppnents defined respectively 
along two perpendicular axes. 
10 21. Decision feedback equalizer according to claim 

20, characterised in that the said confidence 
information Is advantageously broken down into two 
components [i, Q)i 

Cly » inin(dat^,dx*)/A 
15 OQj, s min(dy*,dy')M 

where: dx^« dy', dx' and dy* are the four distances 
along the x and y axes between the said 
equalized data and the boundary defining the 
area in which a data is associated with the 
20 said most probable synibol » 

A is the distance between the said boundary 
and the said most probable symbol. . 
22. Decision feedback equalizer according to claim 

21, characterized in that the said weighted data input 
25 into the said feedback filter (FB) is also broken down 

into two c<»npon6nts: 

Yfeoobackl - gi(Cly)lyX') + a-g,(CIy) ) (yl) 
Yu.db«kQ « g,(COy)(yQ') + [l-g4(CQj,)) (yQ) 
«diere yZ' and yQ' are the two components of the said 
30 most probable symbol; 

yl and yQ are the ' two components of the said 
equalized data; 

gi« ga» 9%i g4 are predetermined functions. 
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23. Decision feedback equalizer according to claim 
22, characterized in that at least one of the said 
predetermined functions g^, g,, g, and g^ is the id ntity 
function. 

24. Decision feedback equal! acer according to claim 
22, characterised in that at least one of the said 
predetermined functions gl«'g2, g3 and g4 is a function, 
which reinforces the effect of high confidences and 
reduces the effect of low confidmoeo. 

25. Decision feedback ecjualizer according to claim 
24 « characterised in that at least one of the said 
predetermined functions g^, g,, g^ and g^ is a sigmoid 
function. 

2 6. Decision feedback equalizer according to any one 
o£ claims 23 to 25, characterized in that the said 
functions g^ and g, and/or the said functions g, and g« 
are the same function. 

27. Decision feedback equalizer according to any one 
Of claims 22 to 26, characterized in that the 
optimization of a quality criterion consists of 
minimizing the two elements; 

errorl a fjCCIy} (yl'-yl) 
errorQ - f,(CQy) (yp'-yQ) 

where f^ and f, are predetermined functions. 

28. Decision feedback equalizer according to claim 
21 1 characterized in that at least one of the said 
predetermined functions f^ or f, is the identity 
function. 

29. Decision feedback equalizer according to claim 
27, characterized in that at least one of the said 
predetermined functions f^ or f^ is a function, which 
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reinforces th effect of high confidenoes and reducee 
the effect of low confldencea. 

30 « Decision feedback egualia r according to claim 
- -29, characterized in that at least one of the said 
5 predetermined functions f^ or f, ib a sigmoid function. 

31. Decision feedback equalizer according to any 
one of claims 28 to 30, characterized in that the said 
predetermined functions f| and f, are the same function 

33. Decision feedback equalizer according to any 
10 one of claims 4 to 9 and any one of claims 10 to 31 « 
characterized in that it comprieea first means of 
calculating the said confidence information taking 
account of at least a distance (d) between the said 
equalized data and the most probable symbol 
15 corresponding to the said dcita, 

and second means of calculating the following expression 
for the said confidence information: 

^ I 

Where: dx*, dy', dx" and dy* are the four distances 
20 along the x and y axes between the said 

equalized data and the boundary defining the 
area within which a data item is associated with 
the said most probable symbol; 

A is the distance between the said boundary and 
25 the said most probable symbol. 

33. Decision feedback equalizer according to any 
one of claims 4 to 32 « characterized in that the said 
equalized data are treated differently when they are 
outside the constellation defined by the possible 
30 synbolB. 

34«Decision feedback equalizer according to 
claim 33, characterized in that data outside the said 
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confltellation are projected ont the closeat edge of the 
said constellation. 

SS.Deoision £e dback Qualiser according to 
claim 34 i characterised in that, after projection^ a 
weighted data item ie determined in the same way as for 
data located within the said constellation. 

36. Decision feedback equalization procesSi 
diaracterized in that it coinprlses the following st^s: 

- forward filtering (FF) (11) of the input data; 

- feedback filtering (FB) (12); 

- output of equalized data (y } corresponding to the 
sum (15) of the outputs of the said forward filter 
(11) and feedback filter (12); 

- determination (13) of the filter coefficients for 
the said forward and feedback filters; 

characterized in that it comprises the following steps t 

- determination (12) ot information representative 
of the confidence assigned to each of the said 
equalized data itemsy 

- output of weighted data (yc«*«iMck) to the said 
feedback filter, taking account of the said 
equalized data (y*) and the said confidence 
Information. 
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3. Drtflilad B^plaaattQa of thfl laYaation 



a?KeIZfialll3o£ZthB^invenbion^ig_Jthe reception— o£-~^ 
digital-signals , -particulaxfly-when^they-^are-transroitteO 
tli^§gh~'<U sturbed^transmlss ton^lj^ 
thia^^i^nvont^ 
5 bf^algnalTI^ , 

A digital signal receiver may be arbitrarily broken 
down into a series o£ modules comprising a radio^ 
frequency (RF) head connected to a reception antenna, an 
analog-digital converter, an equaliser and a channel 
10 decoder. The^role of^the^channel-decoder module is tg) 
inipro«eotransmisslon_^per formances^wi th, regard J:j>_j^ , 
aiI3Z£S^i^iC!SZthe^^ 
(emlBeionTI > 

The purpose of the -equalizer is to overcome 
15 iinperfeotions due to the' transmission channel (for 
example echoes, fading, ate). In other words, its 
purpose is to fomat the received signal, or to "open 
the aye" with reference , to the conventional 'eye 
diagram" . 

20 B! gualiMt:iCTr~is^baB e4-0hJbh^ : 

•V one or more fil ters; J 
• <;g~quality criterion-; ~^ 
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• an algorithm f r the Calculation of filter 
CO fficiente. 

This algorithm detennlnes the coefficients that 
optimize filtering (in other words, for -example they 
B maxiniee it if the criterion is the eye aperture, or 
minimise it if the criterion is a root mean square (RMS) 
error/ cund therefore also optimize equalization. 

Therefore^ oonventionally the equaliser is based on 
the use of a closed loop. 
10 A distinction can be mc^de between two main types of 

equalizers depending on their use: 

- ^d^tive— equall"gerlB7 for wgicH the q uaTjjy^D 
^iterioir:i T~detwmined~f roro a re fgejngjg^too^ t^ 
the~receiv6r^axi d~CTii gteajb^^ 

15 tbrthe'detriroent-of^the-useful^throuqhput) r 

- ^If ^odapFiye (or s e If ^teacRin g_jDr ~" b l ilTd'^V^ 
Cgqua 1 Iz er s~that~~do ' no t^need— re f erences — (for 
i3qMnipjjB~deci"iijro 

fefersMMljiSxIa^^ 
20 A distinction can also be made between three main 

equalizer structures: 

finite pulae response (FPR) filters correspond to 
conventional transverse filters; 

- linear infinite pulse response (linear IPR) 
25 filters, — using— a~JLforwardJL_EPR_,firter_-and---a 

<feedback^EPR~f ilter~10Qped^bacK^onto_tfier^ ua . ^ 
outputf:!:^^ 

- non-linear infinite pulse response (non-linear 

XPR) filters that taice account of decisions nadOcir^^ 
30 on the value of received data* (these decisions ^ 

being in put into the feedback filter) . 
Qgore^precis ely>"the-invBntion^rela te B~'to~thiB--latter^ ^ 

type of^equaliz er-, — convent ional ly calledHdecx s:ion 

fegp>acX^equaIl^tt:8-~(DFB) . 
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The operation of the aquallz r is usually broken 
down Into two phases « firstly a convergence phas (which 
may or nay not use references) « and a tracking phase. 

The invention may be used for the tracking phase and 
5 for the convergence phase. Another technique (for 
example using references) may also be used for the 
convergenoe phase* 

Further information about the various known 
equalizers and their use is given in the article by 
10 Odile MACX»I ("Digital equalization in communications") 
(Ann. T616comun.; S3 No.i-2, 1998) that presents a 
suntMury of various existing techniques. 

As described in this article, the maximum 
probability equalizer (HLSB) is the most efficient. 
15 Kowever, it has several disadvantages « and particularly 
its considerable coioaolexity which makes it impossible to 
use it In practice (particularly for modulations with a 
lairge number of states) • ' 

Therefore the DFE. system appears to give the best 
20 ratio between equalization performances and 
isplenentation coinplexity. 

However, it has a defect Inherent to its structure^ 
namely £hei:error^propagatioh-phenomenon>. This phenomenon 
is due partly to the injection of errors in the feedback 
25 part of the equalizer and to divergence of the algorithm 
used to calculate filter coefficients when the quality 
criterion is distorted by these errors. Furthermore, it 
is very difficult to make a distinction between the 
relative importance of each contribution in the 
30 divergence of the DFB. 

This is a major problem that is well known but that 
has not been satisfactorily solved. 

The DFB is not very much used in practice due to 
this riski which is difficult to quantify and predict. 
35 The only known usds concern channels with very weak 
disturbances f for, example for the distribution of 
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digital tel vision n a cable network (American 
propoeal) (FCC) . 

However I one technique was proposed by J. LABAT. 0. 
KACCHX and C* LAOT in the article entitled * Adaptive 
5 Decision Feedback Bqualisation: can yoxx skip .the ~ 
training period?" (IBBB trans. On com.« Vol. 46 No. 7, 
July 98) . This technique^ consists of making a DFB 
equalization only ^en. the channel~~ lB alread y correct lyI7 
(^qualizGLdlby^anpt^ier^ This requires a structural 

10 communication and a reversible algorithm, as a function 
of a given criterion (the RMS in this article) . 

Therefore, implementation of this technique is 
relatively expensive and coiiiplex. 

Obviously « another method would be to transmit a 
15 sufficiently long reference sequence very regularly in 
order to reinitialize the ,DPS when errors are 
propagated. The obvious disadvantage of this method is 
the large consumption of a throughput useless for 
service. Therefore« it is obviously not a solution of 
20 the future, since the trend is to increase the 
throughput for all services; 

COge^ particular~ pur pose~~of ^ the ^invent ion 'ifiHtQ^ 
overcome these va rious di"8a avant5agM&^ the e tate-^of>,theJ7 
< ;artT> 

25 More precisely, one objective of the invention is to 

provide a declBlra^iidback^aquali that 
rimi^sllthe^ef f ectrof error_propaaations jcoropared with 
known techniques. 

Another purpose of the invention is to provide a 

30 similar equalization technique tj}at~i's~not^very~ipoigg;^^ 
to use compared with the technique already mentioned by 
Labat and Macchi. 

Another purpose of the invention is to provide an 
equalization technique that doeg^not^requi re switc hing} 

35 vw ith^ot h er eq ualization methodg; in some situations. 
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These objectives, and oth re that will becom 
obvious later f are achl ved by m ane of a decision 
feedback qualiz r (DFB) comprising a forward filter 
(PF). and a feedback filter (PB) in which the filter 
5 coefficients are determined ^so^as^JtoT^^^ — aj 
(jpredeteroiW^ the said equalizer 

receiving input data applied to the said forward filter 
(FP)« and outputtlng equalised data corresponding to the 
eum of the outputs from the said forward filter (PF) and 

10 the said feedback filter (FB) . 

According to the invention, weighted data are fed 
into the said feedback f ilker (PB) , the value of these 
data taking account of the said equalized data and 
corresponding confidence information. 

15 Thus* the symbol (or data) input into the feedback 

filter is no longer (or at least not systematically) the 
equalized data, which sometimes carries an error that 
will be propagated. To avoiji this propagation, this data 
it«a is modified in an appropriate manner when the 

20 confidence assigned to the equalized data item is 
insufficient. 

Therefore, the invention introduces weighting that 
depends on the confidence, in order to efficiently 
reduce error propagation, 

25 Note that the invention may be used for the 
equalization tracking phasOi and also for the 
convergence phase. 

Advantageously, optimization of the said quality 
criterion also includes the said confidmce information. 

30 Xn other words i the error used to control the 

algorithm for calculating the filter coefficient is no 
longer systematically the difference between the 
equalized data and the most probable corresponding 
symbol « This error is adapted in order to reduce the 

35 error propagation phenomenon, at least, when confidence 
is insufficient.' 
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According to one preferred embodiment of the 
iaventlon, the equalizer coxnprises means of calculating 
th said confidence information in the said equal iz d 
data, and means o£ using the said confidence .information 
5 awlied to the said feedbaclc filter (ra) . 

Different methods may be used for the calculation 
and for use of the confidence information. 

According to a first advantageous rabodiment of the 
invention f the said confidence information takes account 
10 of at least a distance between the said eoualized data 
and the most probable symbol corresponding to the said 
data. 

In particular, the said distance may be compared 
with at least one threshold, processing of the said data 
15 depending on the result of thresholding. 

In this particular case, the said at least one 
threshold may be optimized iteratlvely. Obviously, it 
may also be fixed, or adjustable on request hy the user. 
According to one particular embodiment of the 
20 invention* the equalizer uses a single threshold, and 
the said weighted data input into the feedbaclc filter 
(FB) is: 

- the said most probable symbol, if the said 
distance is less than the said threshold; 
25 - the said equalized data, if the said distance is 

greater than the said threshold. 
In this case, optimization of a quality criterion 
may advantageously consist of minimizing an error equal 
to I 

30 - the said most probable symbol minus the said 

equalized data, if the said distance is less than 
the said threshold; 
* zero, if the said distance is greater than the 
said threshold. 
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According to one advantageous embodiment/ the aald 
distance is broken down into two components that are 
treated Independently, 

According to a second advantageous • embodiment of the 
5 invention, the said confidence information is equal to: 

^ 1 

tAeret dx*, 6y^, dx* and dy* are four distances along 
the X and y axes between the said equalized data 
and the boundary defining the area within which 
10 a data Item is associated with the said most 

probable symbol; 

A is the distance between the said boundary and 
the said most probable symbol. 
Thus, the said weighted data input into the said 
15 feedback filter (PB) is preferably: 

YMU«ok « Cy.y' + (l-Cy).y 
where y is the said most. probable syinbol; 
y is the said equalised data. 
Furthermore, optimization of a quality criterion may 
2D advantageously consist of minimizing: 

error » Cy. (y'- y) 

idiere y' is the said most probable aynft>ol; 

y is the said equalized data. 

This approach can be generalized by using 
25 equation y£,,4b«* = B(c;>,y' + d-g' (C^)) .y, where g and g' 
are predetermined functions. 

Preferably, at least one of said predetermined 
functions g and g' is a function, which reinforces the 
effect of strong confidence values, and reduces the 
30 effect of weak confidence values. For exaniple, at least 
one of said predetermined functions g and g' ie a 
sigmoid function* 
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Advantage usly, aaid functions g and g' are the 
eame function. 

In th same way, the error calculation can be 
generalized by error = f (C;) • (y'-y) . The f function io 
preferably of the eane type as functions g and g' • 

in another approach according to the invention, tm 
distfluices are taken into account, each corresponding to 
one of the two coiqpohents defined along two 
perpendicular axes. 

In this case, the saipl confidence information is 
advantageously broken down into two conponents (Ir Q)'i 

cry«:min(dx*,dx")M 
CQy=mih(dy\dy')M 
where: dx\ dy', dx' aiid dy* are the four distances 
along the x and y axes between the said 
equalized data imd the boundary defining the 
area in which data is associated with the 
moot probable S3M:>ol; 

A is the distance between the said boundary 
and the said moat probable symbol. 
Preferably, the said weighted data input into the 

said feedback filter (FB) is also broken down into two 

coiiqponents r 

Yf»«n^I -= Cly(yi') + (1-Cly)(yl) 
Yft^dbtckQ = CQy(yQ') + (1-CQy) (yQ> 

Where yl* and yQ* are the two components of the said 
most probable synibol; 

yX and yQ are the two coniponents of the said 
equalized data. 

In this case, optimizing a quality criterion 
advantageously consists of ininimiting the two elements: 

errorl - CIy(yI»-yX) 

errorQ » CQy(yQ'-yQ) 
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In die same way as previously, the equations may be generalized, with functlwis 
gi to g4 and f, and ^ of the same type as ftjnctions g. g' and f mentioned above, 
Umtlsiosay: 

Y^^^I n g^tClyXylM + a-g,(Cl^)) (yl) 

^mmQ - 03 (CQ,) (yQO + (l-g,(C(^)) (yQ) 
Brrorl » f,(CIy) (yl'-yl) 
BrrorQ - f,(OQy) (yQ'-yQ) . 

Obvlouflly, the equallzdr according to . the invention 
can eliRultaneously use both of the ai^roaches described 
above in an adapted form. 

According to a preferred embodiment of the 
invention, the said equalized data may be treated 
differently when they are outside the constellation 
defined 1^ the possible symbols. 

It is found that the risk of error remains low, even 
when confidence is low. 

In particular, data outside the said constellation 
may be projected onto the closest edge of the said 
oonstellation. 

After projection, weighted data is advantageously 
determined in the same way. as data located within the 
said constellation, 

The invention also relates to the equalization 
process used by the equalizer described above. This 
type of decision feedback equalization process comprises 
the following steps: 

- forward filtering (FF) of the input data/ 

- feedback filtering (FB) ; 

- output of equalized <^ta corresponding to the sum 
of the outputs of the said forward and feedback 
filters; 

- determination of the filter coefficients for the 
said forward and feedback filtwa; 
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• de^exminatioQ of Information repr sentative of th 
confidence assigned to the said equalized data; 

- output f a weight d data to th said feedback 
f ilter« taking account of the said equalized data 

5 and the said confidence information. 

Other characteristics and advantages of the 
invention will become clear after reading the following 
description of a preferred tebodinent, given as a single 
illustrative and non-restrictive example, and the 
10 attached drawings in whicht 

- figure 1 is a principle diagram, known in itself, 
of a DFB equalizer; 

- figure 2 shows an equalizer according to the 
invention; 

15 - figure 3 illustrates the principle for calculating 

confidence in the equalizer in figure 2, according 
to a first enibodiinent; 

- figure 4 illustrates the principle for calculating 
confidence in the equalizer in figure 2, according 

20 to a second embodiment; 

- figures 5A to 5B are five eacamples illustrating 
the equalization efficiency according to the 
invention, compared with a conventional DFB; 

- figure 6 illustratea a variant of figure 4 in 
2S which the two axes are treated independently. 

Figure 1 presents the principle of a decision 
feedback equalizer. This principle is known in itself 
and has already been ccnmented on in the foreword. 

This equalizer receives a data itm x corresponding 

30 to an emitted data item, that has been disturbed by the 
transmission channel, and outputs a corresponding 
estimated data item y* • It comprises a first forward 
filter (PP) 11 and a feedback filter (PB) 12, for vAiich 
the filter coefficients are calculated by module 13 

35 using an optimization algorithm as a function of a 
predetermined criterion. 
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The received Bynbol (or data) x is input Into th 
forward filter 11, and the estimated synibol y« is input 
' IntD the feedback filter 12. The estimated aymbol is 
output by an estimating module 14 that determines the 
most probable symbol by analyzing the sum y 15 of the 
outputs from the two filters 11 and 12. 

For example, the calculation 13 of the coefficients 
may be made using an algorithm to determine the lowest 
mean square (LMg-DP) error taking account of the error e 
equal to the difference between y and y* . 

Figure 2 illustrates an equalizer according to the 
invention. The same numbers are used for elements 
already shown in figure 1 . ' There are two new f unctiona 
(which may be conibined in some embodiments) ; 

- calculation of the confidence 21 in the filter 
output y; 

" use 22 of this confidence. 

In particular, the confidence information is used to 
adapt the value IVi^^obm^) input into the feedback filter 
12 and/or to adapt the value of the error e used for the 
calculation 13 of filter coefficients. Thus, the value 
y is not used as input to the feedback filter, it is 
replaced by an adapted value Vt^mobo^ that can give a more 
efficient equalization, and particularly limited error 
prqc>agatlon, 

The examples below make use of two techniques that 
could be used to calculate confidence in the filter 
output. 

In both cases, the forward and feedback filter 
coefficients are controlled by an IICS-CD algorittmi. 

The first technique illustrated in figure 3 is based 
on a calculation of the distance between the data y 31 
actually calculated by the filter, and the nearest 
decision 32, in other words the most probable symbol 
(and therefore, a priori; the symbol that will be 
selected in the case of a conventional DFB) . 
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At the same time, the £ollowina rule is applied for 
UB of this confidence <in other words the distance d) : 

- if the confidence is sufficient, in oth r words is 
greater than a threshold d^i„, then the data item 
input in the feedback filter 12 yr^a^c* ogual to 
the decisioni 

- otherwise, the data item y£.^ai^ is equal to the 
output frcan filter y before the decision* 

The use of this rule is excessively simple, as can 
easily be seen in figure 3. The user defines the 
minimum confidence threshold, called d^m, normalized to 
A (v^ere A is the distance between the decision and the 
boundary with the area assigned to an adjacent 
decision) • 

A B<iuare 33, or a circle with dimension d,in, is 
drawn around the symbol decided won, if a decision has 
been made. If the data y at the output from the 
equaliser is inside this squarsi then the data input 
into the £eedbaok filter 12 ist 

Yfaftdteek a decision 

elses 

Ycwowek = y- 

Obviously, other rules can be used for the same 
puzpose. 

The algorithm for calculating filter coefficients 
could use the following rule to determine the error e; 

If d < cUn then error x y„tiMmM - y 
elsec error = 0 

The performances of this equalizer may also be 
improved by managing points outside the conBtellation in 
a different manner (this comment is valid for all 
embodiments, provided that the corresponding adaptations 
are made). When the filter output is outside the 
constellation, even at a distance greater than d^„, the 

risk of error is very low and in this case the output y 
is projected onto the edge of the constellation. 
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More precisely, using an HAQ 64 as a modulatl n 
exainple, It is known that the distance between an axis 
and the external points is 78 (wh r 26 is the distance 
between two conaecutive points). According to the 
S approach suggested above, when the distance of the 
sample considered exceeds 76 + d^„. the oaii«>le is pulled 
back to a distance of 78 along the axis (or axes) 
considered. In other words: 

if 0x > 78 + €ian, then Dx = 78 
if Py > 76 + cU.* then Dy ^ 7& 
The rules for ye^^k and for the error e are then 
applied in the same way. 

The user may fix the value pf d^. it would also be 
possible to make an automatic search for an optimum 
15 value of 6^^^ using an iterative algorithm. 

The second proposed embodiment illustrated in figure 
4 consists of calculating the confidence using the 
following equation: 

C, 

20 Advantageously, the rule proposed according to this 

second method is as follows: 

- YfMdbMft " cv^yMtiMtad ♦ (1-Cy) .y 

- error « c,. (y..ti»at«j - y) 

The equation for the calculation of Yc^^back may be 
25 generalised as follows: 

YeetdteA^gi (9y) -y~ti».ua+ (l-ga<Cy) ) .y 
where gl and g2 are non-linear predetermined functions 
preferably designed to give priority to high confidence 
values, and to correspondingly reduce low confidence 
30 values. In particular, it may be a sigmoid function 
like functions used in neuron systems.. Functions gl and 
g2 may of course be equals gl-g2s^g. 

Note that the previous equation is obtained again 
whM g is the identity function. 
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In the.fiame way, th error calculation may be 
generalized by: 

Brror f (c,) (y^,^^-y) 
whore £ la also a predetermined function, In the same " " 
5 way aa functions gl and g2 (Identity, sigmoid 
functions, .«) . 

Points located outside the constellation can once 
again be treated differently, using the following 
projection (case of an MAQ 64) : 
1<> if 0Jt > 78 then fix = 78 

if Py > 78 then Dy = 78 
The rule suggested above is then used* 
Obviously, other embodiments could be envisaged. In 
particular, the approaches defined above could be 
15 "combined", for including several squares (or circles) 
in the embodiment illustrated in figure 3, correapox>dlng 
to several thresholds, with a different processing being 
applied for each of these thresholds. 

It would also be possible to apply the first rule 
20 when the distance is less than d^^, and the second rule 
when It is greater than or equal to c3Ui». 

Figures 5A and 5B illustrate simulations 
demonstrating the efficiency of the technique according 
to the invention. 
25 The simulation context is derived from the document 

entitled "Assooiation des fonctions d'4galisation, de 
synchronisation et de .d^codage canal pour les 
modulations k grande efficacit6 spectrale* (Association 
of equalization, synchronization and channel decoding 
30 functions for modulations with high spectral efficiency) 
by D. Mottier (INSA thesis in Rennes, November 1997) . 
This describes the transmission of an MAQ 64 modulation, 
using the DVB-cable scheme through two different 
stationary channels (figures 5A and 5B) . 
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The first {figure 5A) correspondfi t a slightly 
disturbed chann 1 comprising a 10 dB echo at 30 Ts. The 
flMond channel tflgure 5B) is a very strongly disturbed 
channel and therefore very difficult to equalise^ 
5 defined by the following pulse response: 

H- (0.8264; -0.1653; 0,8512) 0,1636; 0,81) 
For these two channels, a disturbance 51 was 
deliberately added during the eguallzer tracking phase 
in order to generate an error propagation phenomenon in 
10 the case 52 of the conventional dfb. All illustrated 
equalizers, optimized by an LMS-DD, converged using a 
learning sequence. 

The results shown were obtained with an optimum DPB 
53 (supervised DFB), which is a "virtual* equalizer for 
which the emitted data are used as input data to the 
feedback filter and the algorithm, and which is usually 
considered as being the DFE with the optimum 
performances with which a real equalizer should be 
conpared. 

These two figures show that the conventional dfb 52 
very quickly starts propagating errors when the non- 
stationarity 51 occurs. On the other hand, the technique 
according to the invention 54 (WDFB, or weighted DFB) 
remains stable in both of these cases. In this case, we 
25 will use the first embodiment described with a value of 
« 0.6. 

Figure 5C illustrates the same situation as figure 
5B, when the second described ^nbodiment is used. Once 
again, it can be seen that there is no divergence of 
30 curve 54, unlike the conventional DFE 52. 

Figure 5D shows an example of processing an MAQ 16 
modulation submitted successively to: 

-noise 55 equal to 16 dB (at .the moment 

corresponding to iteration 10 000); 
- an echo 56 (at the moment corresponding to 
iteration 20 000) . 
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Once again, there is no divergence due to 
propagation of rrors despite thes two larg 
disturbances. 

The four examples above are applicable to the 
tracking phase., since the convergence phase has 
previously been carried out (for example using a 
reference seguence). However, in the example shown in 
figure SB, It can be shoim that a self-learning 
operation could be implemented according to the 
invention. An MAQ 16 modulation is used in this case to 
which noise of 30 dB is applied. The convergence and 
tracking phases are performed using the second 
embodiment. 

According to another approach that can give an even 
better efficiency, the distance is no longer calculated 
globally, but is calculated independently along each 
axis as illustrated in figure 4. In this case, the 
equations given above are applied independently along 
each axis. 

It is possible that a point does not respect an 
eQuation, even though one of these two conqponents (I or 
Q) does respect it. The result is an increase in the 
calculation noise and a degradation of the performances 
cowered with the case in which the axes are treated 
separately. 

Thus in the exaaiple shown in figure 6, which is a 
variant of the method shown in figure 4, It is found 
that, the global confidence is zero buti 

along axis I: Cly is good 
along axis Q: CQy-0 
Therefore, it is proposed to carry out the following 
two independent confidmce calculations: 
Cly » min(dx*.dx")M 
OQy » min((^\dy")/A 
These two confidence values are used in the same way 
as the previous method: 
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V£.«n«kl B Cly(yl'» + (l-CIy) (yl) 
YfMte«kQ » C(V(yQ*) 4 (l-CQy}(yO) 

cuod 

error! p Cly(yl'-yl) 

errorQ « CQ^ (yQ • -yQ) 
Like described previously, these equations may be 
generalized hy using functions, which purpose preferably 
is to reinforce high confidences and to reduce the 
effect of low confidences. For examplei they nay be 
sigmoid functions. These functions (gl, g2, g3, g4, fl 
and f2) may be different from one another i or not. 
Hie equations may then be vnritten: 
*f..db«Al=gi(CIy) (ylM + (l-fl,(CIy)) (yl) 
Yc^«diQ=gj(CQy) {yQ') + (l-gtCCQy)) (yQ) 

Where yl' and yQ' are the two coinponents of said most 
probable symbol; 

yl and yQ are the two components of said equallssed 

data; 

and errorlt-f 1 (CI^) (yi ' -yi ) 
errorQ»f , {CQ,) (yQ- -yQ) 
where f^ and f, are predetermined functions. 

Similarly, for the first equation discussed, it can 
be checked that the distance is within the square with 
the dimension d^, along each axis. 
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1, Al>i>fcffte#L 



The Invention relates to a decision feedback equalizer 
coinprising a forward filter (pp) (ii) and a 
feedback filter (PB) (12) in which the filter 
coefficients (13) are determined so as to optimize a 
predotemined quality criterion. The said equalizer 
receives input data (x) applied to the said forward 
filter (FP), and outputs equalised data (y«) 
corresponding to the sum of the outputs from the aaid 
forward filter {PP) and the said feedback filter (PB) . 
According to the invention, the. weighted data ly^^^^) 
are fed into the said feedback filter (PB), the value of 
these data taking account of the said equalized data (y) 
and corresponding confidence infox^tion. 

Therefore, the invention introduces weighting that 
depends on the confidence, and is a means of efficiently 
reducing the propagation of errors. 
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